INTRODUCTION
The epididymis plays important roles in male reproduction, including sperm maturation, transport, and storage (Robaire & Hermo, 1988) . The epididymis has a tubular structure covered by an epithelial layer, consisting of several cell types (Arrotéia et al., 2012) . Except the initial segment at the most proximal region of the epididymal region, the epididymis is divided into three parts, caput (head), corpus (body), and cauda (tail) epididymis, depending on functional, morphological, and molecular biological characteristics (Robaire & Hermo, 1988) . The most predominant type of the epithelial cells in the epididymis is principal cells which are columnar shape with stereocilia protruding into the lumen (Robaire & Hermo, 1988) . The number of principal cells gradually decreases from the caput to the cauda epididymis (Robaire & Hermo, 1988) .
However, the epithelial content of narrow cells increases from the caput to the corpus epididymis, while clear cells are relatively equally distributed through the entire epididymis (Arrotéia et al., 2012) . It is generally considered that differrent cell types in the epididymis play specific functions on the establishment of unique epididymal microenvironment (Robaire et al., 2006) . Thus, it is reasonable to consider that the different ratios of cell population in the epididymal segment would partly contribute into creation of discrete functional epididymal unit.
Exchanges of signaling molecules, ions, and even RNAs through connexin (Cx)-based gap junction between neighboring cells is a type of direct cell-cell communication ways (Goodenough et al., 1996) . There are at least 20 Cx isoforms found in mammals (Meșe et al., 2007) . The gap junction is composed of a complex of two hemichannels, which each is made of six Cx isoforms (Cyr, 2011) . The presence of Cx isoforms in the male reproductive tract has been examined by several researchers, including our recent findings. Expression of Cx transcripts in the reproductive excurrent duct has been detected in the initial segment (Seo et al., 2010) and epididymis (Han & Lee, 2013; Lee, 2013) . Even though expressional pattern of each Cx is quite distinguishable from each other isoform during postnatal development, there are nine Cx isoforms expressing throughout the entire epididymis, including Cx26, Cx30.3, Cx31, Cx31.1, Cx32, Cx37, Cx40, Cx43, and Cx45 (Han & Lee, 2013; Lee, 2013) . Expression of certain Cx isoform in the epididymis shows the segment-specific patterns (Han & Lee, 2013; Lee, 2013) . For example, the highest levels of Cx40 are detected at 45 days of age in the caput epididymis, at early than 45 days of age in the corpus epididymis, and 5 months of age in the cauda epididymis (Han & Lee, 2013; Lee, 2013) . It is difficult to generalize expressional patterns of Cx isoforms in the epididymis during postnatal period because expression of each Cx isoform shows a unique pattern in each epididymal segment.
Each Cx isoform possesses particular permeability and gating behavior to specific signaling molecules (Bruzzone et al., 1996) . Therefore, it is logic to consider that expression of various Cx isoforms at different levels in the epididymal segments would be necessary to communicate (Lee, 2014; 2015) . However, scientific research showing hormonal factor(s) giving an influence on Cx expression in the corpus epididymis is very rare. Thus, in accordance with our earlier studies (Lee, 2014; 2015) , the present research was attempted to reveal the effect of EB, an estrogenic agonist, or Flu, an antiandrogenic agent, on expression of Cx isoforms in the corpus epididymis. Expressional changes of Cx isoforms in the adult corpus epididymis followed by the subcutaneous expose to these steroidal compounds at 7 days of postnatal age were evaluated by quantitative realtime PCR analyses. 
MATERIALS AND METHODS

EB-L (n=7), EB-H (n=8), Flu-L (n=7), and Flu-H (n=7).
The present study was carried out in accordance with the guide for the care and use of laboratory animals of National Research Council in S. Korea.
Total RNA and cDNA preparation
The epididymis was collected from the experimental animals at 4 months of age. First, the animals were anesthetized by CO 2 stunning in a closed chamber. The testis and epididymis were exposed through a lower abdominal incision. In cold PBS, the epididymis was separated from the testis and further dissected into initial segment, caput epididymis, corpus epididymis, and cauda epididymis. The epididymal parts were washed in fresh cold PBS for a couple of times and frozen in liquid nitrogen.
Total RNA from the corpus epididymis was harvested with 0.5 mL of easy-Blue total RNA extraction solution 
Statistical analysis
Triplicated PCRs were performed for each cDNA, and three to four cDNAs were used for each experimental group. Following densitometric analysis, signal intensities of Cx isoforms were normalized to internal controls (Ppia).
One-way ANOVA was carried out to check significant differences among experimental groups, and Duncan's test, a post-hoc analysis, was performed to determine statistical significances between control and EB-treat or Flu-treated groups. When P value was lower than 0.05, it was considered to be significant.
RESULTS
1. Expressional modification of Cx26 and Cx30.3 in the corpus epididymis exposed to EB or Flu at 7 days of postnatal age
Expression of Cx26 in the adult corpus epididymis was not changed by treatment of EB at low dose (Fig. 1A) .
However, compared with that of control, the treatment of high-dose EB resulted in a significant decrease of Cx26 transcript level in the adult corpus epididymis (Fig. 1A) .
Interestingly, regardless of dose of administration, the treatments of Flu at 7 days of age caused significant decreases of Cx26 expression in the adult corpus epididymis (Fig. 1A) . Similar findings were observed in expression patterns of Cx30.3 (Fig. 1B) . Even though there was no expressional change of Cx30.3 by low-dose EB treatment at 7 days of age, a significant decrease of Cx30.3 transcript dose EB treatment at 7 days of postnatal age (Fig. 1B) .
Treatment of Flu at low-or high-dose at seven-day of old resulted in significant decrease of Cx30.3 expression in the adult corpus epididymis (Fig. 1B) .
2. Expressional modification of Cx31 and Cx31.1 in the corpus epididymis exposed to EB or Flu at 7 days of postnatal age
Treatment of low-dose of EB at 7 days of age didn't give an influence on transcription of Cx31 in the corpus epididymis at the adult ( Fig. 2A) . However, a decrease of Cx31 transcript level was detected by high-dose EB treatment in the corpus epididymis ( Fig. 2A ). Exposure to lowdose Flu at 7-days old of age resulted in a significant decrease of Cx31 expression in the corpus epididymis ( Fig.   2A) . A further decrease of Cx31 expression was found in a treatment of high-dose Flu ( Fig. 2A) . Administration of EB at a low-dose at 7 days of age didn't cause aberrant expression of Cx31.1 in the adult corpus epididymis, even though treatment of high-dose EB led to a significant decrease of Cx31.1 expression (Fig. 2B) . Treatments of Flu at two doses resulted in significant decreases of Cx31.1 transcript levels, compared with that of control group (Fig. 2B) 3. Expressional modification of Cx32 and Cx37 in the corpus epididymis exposed to EB or Flu at 7 days of postnatal age A significant increase of Cx32 expression was found in the corpus epididymis treated with low-dose of EB at 7 days of age (Fig. 3A) . However, treatment of high-dose (Fig. 3A) . A great decrease of Cx32 expression was detected with low-dose Flu treatment (Fig. 3A) . Expression of Cx32 in the adult corpus epididymis was barely detected with a treatment of high-dose Flu (Fig. 3A) . Interestingly, treatments of EB at 7 days of age caused expressional increases of Cx37 in the adult corpus epididymis (Fig. 3B) . However, an administration of low-dose Flu resulted in a significant decrease of Cx37 expression, while there was no change of Cx37 transcript level with high-dose Flu treatment (Fig. 3B ).
Expressional modification of Cx40, Cx43, and
Cx45 in the corpus epididymis exposed to EB or Flu at 7 days of postnatal age
Expressional change of Cx40 in the adult corpus epididymis after exposure to EB at 7 days of age was only detected with high-dose EB treatment (Fig. 4A) . Treatment of Flu at low-or high-dose resulted in significant decrease of Cx40 transcript level, compared with that of control (Fig.   4A ). A significant decrease of Cx43 transcript level was observed with high-dose EB treatment, while no change of Cx43 expression was found in a treatment of low-dose EB treatment (Fig. 4B) . Treatment of low-dose Flu at 7 days of age resulted in a significant decrease of Cx43 expression in the adult corpus epididymis (Fig. 4B) . But, expression of Cx43 in the corpus epididymis was not influenced by high-dose Flu treatment (Fig. 4B) . Expression of Cx45 in the adult corpus epididymis was significantly increased by low-dose EB treatment but was significantly decreased by high-dose EB treatment (Fig. 4C) . Even though Flu treatments caused significant decreases of Cx45 expression in the corpus epididymis, a further significant decrease of Cx45 transcript level was detected with high-dose treatment of Flu (Fig. 4C) . (Gorowska et al., 2014; Kaushik et al., 2010) .
In addition, neonatal exposure of steroidal compounds often results in permanent changes of male reproductive function at the adult (Goyal et al., 2003 (Lee, 2014) . These conflict results observed between the IS and corpus epididymis would be fairly explained by segment-specific expressional regulation of some Cx isoforms by low-dose Flu. The level of androgen receptor (AR) in the corpus epididymis is the lowest among epididymal segments (Pujol & Bayard, 1979 and Cx43 by androgen is more complicate than expected.
More detailed examination is required for providing defined data on Cx37 and Cx43 expression in the corpus epididymis.
In conclusion, the present research has clearly demonstrated that neonatal exposure to EB or Flu results in aberrant expression of Cx isoforms in adult corpus epididymis. The epididymis is a major site for sperm maturation, and Cx is particularly important for communicating between different cell types, such as the epididymis. Even though it is not considered at the present research, additional investigations are suggested to examine the effect of EB or Flu treatment at neonatal age on male fertility.
